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 mMB}2/ TT`Q+? 7Q` [m2`vBM; /i bQm`+2b r?B+? `2 ++2bbB#H2 BM 7Q`K Q7 ?2i2`Q;2M2Qmb SAb `i?2`
i?M bQK2 biM/`/b +QKTHBMi /i#b2bX .Bz2`2Mi SAb mb2 /Bz2`2Mi [m2`v bi`m+im`2b M/ bmTTQ`i /Bz2`2Mi +T@
#BHBiB2bX hvT2@i?2Q`2iB+ TT`Q+? Bb mb2/ 7Q` [m2`v bi`m+im`2 `2T`2b2MiiBQMX "2+mb2 Q7 i?2 7+i i?i MQi Mv SA
rBHH bmTTQ`i i?2 7mHH 2tT`2bbB#BHBiv Q7 i?2 [m2`v HM;m;2 r2 T`QTQb2 i2+?MB[m2b 7Q` ǳrB/2MBM;Ǵ i?2 [m2`v iQ KF2 Bi
+QKTiB#H2 rBi? i?2 ;Bp2M SA TQbbB#BHBiB2bX 7i2` i?2 [m2`v Bb 2t2+mi2/ //BiBQMH }Hi2`b `2 TTHB2/ iQ i?2 +[mB`2/
/iX AM Q`/2` iQ +?B2p2 i?Bb ;QH  bT2+BH b2i Q7 [m2`v 2tTMbBQM `mH2b rb /2p2HQT2/X Ai +QMbBbib Q7 i?2 `mH2b i?i
;2M2`i2 bT2+BH +QMp2`bBQM 7mM+iBQMb r?B+? i`Mb7Q`K KQ`2 bT2+B}+ [m2`B2b BMiQ H2bb bT2+B}+ QM2bX
Ü kyRe h?2 mi?Q`bX Sm#HBb?2/ #v 1Hb2pB2` "XoX
S22`@`2pB2r mM/2` `2bTQMbB#BHBiv Q7 E1a AMi2`MiBQMHX
E2vrQ`/b, hvT2 i?2Q`v- SA BMi2;`iBQM- T`QTQbBiBQMH +H+mHmbX
RX AMi`Q/m+iBQM
 HQi Q7 /Bz2`2Mi b2`pB+2b T`QpB/2 ++2bb iQ  H`;2 KQmMi Q7 i?2 /Bp2`b2 BM7Q`KiBQM 7Q` i?2B` mb2`bX h?2b2
b2`pB+2b BM+Hm/2 aa TTHB+iBQMb- QT2M /i #MFb 2i+X h?2 T`QpB/2/ /i Bb ++2bbB#H2 pB ?2i2`Q;2M2Qmb
SAb r?B+? `2 KQbiHv MQi biM/`/Bx2/X h?2 H+F Q7 biM/`/b Bb KQ`2 Q#pBQmb KQM; aa TTHB+iBQMb,
*_J- 1_S M/ Qi?2` bvbi2Kb r?B+? `2 M2p2`i?2H2bb p2`v TQTmH` M/ BKTQ`iMi 7Q`  rB/2 `M;2 Q7
#mbBM2bb2b M/ Q`;MBxiBQMbX h?Bb bBimiBQM H2/b iQ  ?B;? /2KM/ 7Q` +HQm/ BMi2;`iBQM T`QpB/2`bX h?Bb
TT2` T`QTQb2b M TT`Q+? iQ ?2i2`Q;2M2Qmb SA /i ++2bb mMB}+iBQM #v /2p2HQTBM; M BMi2`K2/Bi2
mMB}2/ [m2`B2b Hv2`R-kX
∗ *Q``2bTQM/BM; 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h?2 b2`+? [m2`v `2T`2b2Mib 7Q`KHBx2/ BM7Q`KiBQM `2[mB`2K2Mib bmTTHB2/ #v i?2 mb2`X >Qr2p2` [m2`v
bvMit M/ b2`+? TQbbB#BHBiB2b p`v 7`QK bQm`+2 iQ bQm`+2X 6Q` 2tKTH2- bQK2 aa *_J bvbi2Kb T`QpB/2
b2`+? TQbbB#BHBiB2b QMHv 7Q`  M``Qr `M;2 Q7 Q#D2+i ivT2b, 2X ;X QMHv 7Q` *mbiQK2`b M/ .2HbX 6m`i?2`KQ`2-
i?2 b2i Q7 /i }2H/b pBH#H2 7Q` [m2`vBM; b r2HH b [m2`v 2tT`2bbBp2M2bb Kv #2 `2bi`B+i2/, 2X;X mb;2 Q7
HQ;B+H QT2`iBQMb Kv #2 Q` Kv MQi #2 bmTTQ`i2/ 2i+X L2p2`i?2H2bb 2p2`v SA Kv #2 +QMbB/2`2/ b  b2i
Q7 7mM+iBQMbX h?Bb b2i Kv #2 mM/2`biQQ/ b bQK2 bvMit 7Q` [m2`vBM; /iX
h?2 T`Q#H2K Q7 mMB}+iBQM Q7 i?2 BM7Q`KiBQM `2i`B2pH [m2`B2b +M #2 bQHp2/ rBi?BM ivT2 i?2Q`vX h?2
b2`+? 7mM+iBQM +M #2 +QMbB/2`2/ b bi`B+iHv ivT2/ 7mM+iBQM r?B+? T`K2i2` Bb i?2 [m2`vX h?2 ivT2 Q7
[m2`v Bb /2}M2/ #v Bib bi`m+im`2 Q` ivT2b Q7 i?2 }Hi2`b BM+Hm/2/ BM i?2 [m2`vX 6BHi2` Bb  bi`m+im`2 i?i F22Tb
BM7Q`KiBQM #Qmi }2H/ ivT2 M/ pHm2 #v r?B+? i?2 /i Kmbi #2 b2H2+i2/X h?2 [m2`v Bb  HQ;B+H 2tT`2bbBQM
r?B+? Bb i`m2 r?2M HH i?2 BKTQb2/ +QM/BiBQMb `2 K2iX h?mb- i?2 [m2`v +M #2 `2pB2r2/ b  b2i Q7 }Hi2`b
+QMM2+i2/ #v HQ;B+H +QMDmM+iBQMX ++Q`/BM; iQ i?2 *m``v@>Qr`/Ƕb BbQKQ`T?BbK +QMDmM+iBQM +Q``2bTQM/b
iQ i?2 T`Q/m+i ivT2j ě  ivT2 i?i HHQrb iQ #mBH/ mT +QKTHB+i2/ bi`m+im`2b BM p`BQmb rvbX
h?2 BM7Q`KiBQM@b2`+? [m2`B2b `2 mb2/ BM ?2i2`Q;2M2Qmb bvbi2Kb- 2+? bvbi2K bmTTQ`ib  bT2+B}+ b2i Q7
}Hi2`bX h?2 mb2`Ƕb [m2`v +M BM+Hm/2 }Hi2`b- r?B+? `2 MQi bmTTQ`i2/ #v i?2 bvbi2K- i?2`27Q`2- Bi Bb M2+2bb`v
iQ /2p2HQT i?2 `mH2b i?i ǳ2tTM/Ǵ i?2 Q`B;BMH [m2`vX h?2 [m2`v 2ti2MbBQM K2Mb Bib i`Mb7Q`KiBQM iQ i?2
H2bb bT2+B}+ [m2`vX h?2 [m2`v Bb MHvb2/ BM Q`/2` iQ B/2MiB7v i?2 }Hi2`b i?i +M MQi bmTTQ`i2/ #v i?2 i`;2i
bvbi2KX
h?2 `iB+H2 Bb Q`;MBx2/ b 7QHHQrbX AM i?2 b2+QM/ b2+iBQM r2 +QMbB/2`  K2i?Q/ Q7 7Q`KHBxBM; SA
7mM+iBQMb- r?B+? `2 BMi2M/2/ iQ `2i`B2p2 i?2 /iX AM b2+iBQM i?`22 i?2 #bB+b Q7 i?2 hvT2 h?2Q`v `2
T`2b2Mi2/X Zm2`v bi`m+im`2 7Q`KHBxiBQM BM ;Bp2M BM i?2 7Qm`i? b2+iBQMX Gbi irQ b2+iBQMb Q7 i?2 TT2`
+QMbB/2` i?2 bvbi2K Q7 [m2`v i`Mb7Q`KiBQM `mH2bX h?2 +QM+HmbBQM bmKK`Bx2b i?2 KBM `2bmHibX
kX SA 6Q`KHBxiBQM
aa TTHB+iBQMb `2 `2[mB`2/ 7Q` #mbBM2bb2b M/ Q`;MBxiBQMbX h?2v T`QpB/2 /i ++2bb pB ?2i2`Q;2@
M2Qmb SAbX SAb `2 KQbiHv bT2+B}+ 7Q` 2+? b2`pB+2X HH i?2 TTHB+iBQMb Qz2` i?2 /i b2`+?- #mi KMv
Q7 i?2K /Q MQi T`QpB/2 2ti2MbBp2 b2`+? TQbbB#BHBiB2bX
M SA +M #2 `2T`2b2Mi2/ b  b2i Q7 bi`QM;Hv ivT2/ 7mM+iBQMb T`QpB/BM; ++2bb iQ i?2 /i9X h?2 b2`+?
+QM/BiBQMb `2 `2T`2b2Mi2/ b i?2 T`K2i2`b Q7 i?2b2 7mM+iBQMbX h?2 `2bmHi Q7 2t2+miBM; bm+?  7mM+iBQM
2t2+miBM; Bb  b2i Q7 Q#D2+ib r?B+? +Q``2bTQM/ i?2 BKTQb2/ +QM/BiBQMbX h?mb- i?2 ivT2 Q7 7mM+iBQM Bb
DataConditions → List[Concept]-
r?2`2 DataConditions Bb  HBbi Q7 TTHB+#H2 }Hi2`b M/ Concept `2T`2b2Mib i?2 `2[mB`2/ 2MiBiv ivT2X 6Q`
bBKTHB+Biv r2 rBHH mM/2`biM/ }Hi2`b b 2H2K2Mi`v HQ;B+H +QM/BiBQMb BMpQHpBM;  bBKTH2 HQ;B+H QT2`iBQM
bm+? b ǵ=Ƕ Q` ǵ>Ƕ Q` ǵ<Ƕ M/ 2i+X 6BHi2`b Kv #2 `2T`2b2Mi2/ b 7QHHQrb,
f ield 〈operator〉 parameter
r?2`2 i?2 f ield Bb M 2MiBiv ii`B#mi2- i?2 operator Bb  bBKTH2 HQ;B+H QT2`iBQM M/ i?2 parameter Bb  pHm2
Q7 }2H/X
1X;X +QMbB/2`  bvbi2K r?B+? ?b M Employee 2MiBivX h?2 bvbi2K T`QpB/2b  b2`+? 7mM+iBQM 7Q` i?Bb
ivT2X
amTTQb2 i?i i?2 1KTHQv22 ivT2 ?b i?2 7QHHQrBM; }2H/b,
surname, name, position, department,managerX
h?2 bvbi2K T`QpB/2b 7mM+iBQMb r?B+? QMHv HHQr iQ `2i`B2p2 Q#D2+ib }Hi2`BM; #v surname- department M/
positionX P#pBQmbHv- BM bQK2 +b2b i?Bb b2i Q7 }Hi2`b Kv MQi K22i i?2 mb2`Ƕb /2KM/bX 6Q` 2tKTH2- i?2
mb2` rMib iQ ;2i  HBbi Q7 2KTHQv22b r?Q rQ`F i i?2 +2`iBM /2T`iK2Mi QM i?2 +2`iBM TQbBiBQM mM/2` i?2
+2`iBM KM;2`X
.2}MBi2Hv- bvbi2K +M MQi 2t2+mi2 i?Bb [m2`vX Ai +M 2t2+mi2 QMHv  ǳrB/2`Ǵ `2[m2bi- BX2X i?2 [m2`v rBi?
H2bb }Hi2`b i?2M i?2 mb2` BMBiBHHv b2iX AM 2tKTH2 bvbi2K +M }Hi2`  /i Dmbi #v department M/ position
ii`B#mi2bX h?mb- mb2` ;2ib M 2t+2bbBp2 /iX
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Ai Bb M2+2bb`v iQ /2p2HQT M BMi2`K2/Bi2 Hv2` iQ `2bQHp2 i?2b2 T`Q#H2KbX h?Bb Hv2` +M MHvb2 mb2`Ƕb
`2[m2bi M/ /2i2`KBMi2 }Hi2`b r?B+? `2 bmTTQ`i2/ #v SA- M/ r?B+? `2 b?QmH/ #2 TTHB2/ QM M QmibB/2
bvbi2KX HbQ- i?Bb Hv2` HHQrb iQ i`Mb7Q`K mb2`Ƕb `2[m2bi iQ i?2 [m2`v bi`m+im`2 bmTTQ`i2/ #v SAX
jX AMi`Q/m+iBQM iQ hvT2 h?2Q`v
G2i mb BMi`Q/m+2 bQK2 #bB+ /2}MBiBQMb Q7 i?2 ivT2 i?2Q`v r?B+? r2 rBHH #2 mbBM; 7m`i?2` b i?2 i2ti ;Q2bX
AM 7Q`KH- i?2 hvT2 h?2Q`v UhhV bim/B2b T`Q+2bb2b Q7 ivT2 BM72`2M+2 M/ ivT2 +?2+FBM; BM T`Q;`KbX 6Q`
i?Bb Tm`TQb2- Bi Bb M2+2bb`v iQ ?p2  7Q`KH `2T`2b2MiiBQM Q7 T`Q;`Kb ě λ@+H+mHmb- r?2`2 T`Q;`Kb `2
BMi2`T`2i2/ b i?2 +QKTQbBiBQM Q7 +QKTmi#H2 7mM+iBQMbX q2 rBHH #2 ;BpBM; QMHv KDQ` /2}MBiBQMb QKBiiBM;
/2iBHb8-eX
h?2 #bB+ +QMbi`m+i BM λ@+H+mHmb ě λ@i2`K ě Bb /2}M2/ b 7QHHQrbX
.2}MBiBQM jXRX Uλ@i2`KbV
Ç o`B#H2b `2 /2MQi2/ #v `#Bi``v bi`BM;b Q7 H2ii2`b M/ MmK#2`bX
Ç *QMbiMib `2 HbQ /2MQi2/ #v bi`BM;bX q2 rBHH /BbiBM;mBb? i?2K #b2/ QM  +QMi2tiX
Ç #bi`+iBQM Q7 λ@i2`K M #v  p`B#H2 x ě λx.M Bb M mM`v 7mM+iBQM Q7 T`K2i2` xX
Ç TTHB+iBQM Bb M TTHB+iBQM Q7  7mM+iBQM Ui2`KV M iQ M `;mK2Mi N M/ Bb /2MQi2/ b (MN)X "`+2b
?p2 H27i bbQ+BiBpBiv M/ +M #2 QKBii2/ B7 TQbbB#H2X
"bB+ `mH2 Q7 +QKTmiBM; Uǳ`2/m+iBQMǴV  pHm2 Q7 2tT`2bbBQM Bb UβV,
(λx.M)N = M[x := N]-
r?2`2 M[x := N] /2MQi2b i?2 `2bmHi Q7 bm#biBimiBM; HH Q++m``2M+2b Q7 x 7Q` N BM MX h?Bb `mH2 Bb HbQ 2[mBTT2/
rBi?  b2i Q7 `mH2b i?i 2M#H2 `2/m+iBQM Q7 MQi QMHv 7mHH i2`K #mi Q7 BiǶb T`ib b r2HHX
hvT2b `2 /2}M2/ b 7QHHQrb,
.2}MBiBQM jXkX UhvT2bV
Ç A7 V Bb  ivT2 p`B#H2 Q` +QMbiMi i?2M V Bb  ivT2X
Ç A7 V M/ U `2 ivT2b i?2M V → U Bb  ivT2X
M/ }MHHv- i?2 ivTBM; `mH2bX G2i Γ #2 bQK2 +QMi2ti- i?2M Γ  m : V K2Mb i?i i2`K m ?b ivT2 V BM
 +QMi2ti ΓX 6Q` BMbiM+2 7Q` bBKTH2 i2`Kb HBF2 p`B#H2b i?Bb Bb bii2/ 2tTHB+BiHvX 6Q` i?2 +QMbB/2`iBQM Q7
`+?Bi2+im`2 i i?2 iQT H2p2H- rBi?Qmi /2iBHb Q7 i?2 BKTH2K2MiiBQM- Bi Bb 2MQm;? iQ Q#b2`p2 bBKTHv ivT2/
λ@+H+mHmb r?B+? ?b i?2 7QHHQrBM; bvbi2K Q7 ivTBM; `mH2b,
Γ  t : V → T Γ  u : V
Γ  t u : T UTTHB+iBQMV
Γ,m : V  n : T
Γ  λm.n : (V → T ) U#bi`+iBQMV
HbQ- +QMbB/2` i?2 KBM ivT2b i?i rBHH #2 M22/2/ 7m`i?2`X 6B`bi Q7 HH- +QMbB/2` i?2 ivT2 r?B+? +HH2/
ǳ;2M2`B+bǴ BM i?2 T`Q;`KKBM; i2`KbX h?Bb ivT2 HHQr iQ QT2`i2/ rBi? ?2i2`Q;2M2Qmb /i b2ibX Hi?Qm;?-
QM i?2 QM2 ?M/- i?Bb MQiiBQM ?b  +QKTH2t bi`m+im`2 M/- BM 7+i- /2T2M/b QM i?2 ivT2 Q7 T`K2i2`- r2
mM/2`biM/ Bi b  MK2 Q7 M iQKB+ bBKTH2 ivT2X 6Q` 2tKTH2- i?2 ivT2ǳQTiBQMH pHm2 Q7 ivT2 T Ǵ /2MQi2/
b Option[T ] r?B+? HHQrb iQ `2T`2b2Mi  pHm2 i?i Kv #2 KBbbBM;X aQ- i?2 i2`K Q7 ivT2 Option[T ] +M iF2
pHm2 t Q7 ivT2 T - Q` pHm2 noneX h?2 ivT2 Q7 pHm2 none +HH2/ Unit ivT2X Unit Bb  ivT2 i?i HHQrb QMHv QM2
pHm2 ě noneX AM 7+i- none Bb i?2 QMHv TQbbB#H2 `2bmHi Q7 Unittype 2tT`2bbBQMXjX
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"2bB/2b ;2M2`B+ ivT2- r2 M22/ iQ +QMbB/2` MQi?2` ivT2 ě T`Q/m+i ivT2X AM T`Q;`KKBM; HM;m;2b M/
ivT2 i?2Q`v-  T`Q/m+i Q7 ivT2b Bb MQi?2`- +QKTQmM/2/- ivT2 BM  bi`m+im`2X h?2 ǳQT2`M/bǴ Q7 i?2 T`Q/m+i
`2 ivT2b M/ i?2 bi`m+im`2 Q7  T`Q/m+i ivT2 Bb /2i2`KBM2/ #v i?2 }t2/ Q`/2` Q7 i?2 QT2`M/b BM i?2 T`Q/m+iX
M BMbiM+2 Q7  T`Q/m+i ivT2 `2iBMb i?2 }t2/ Q`/2`- #mi Qi?2`rBb2 Kv +QMiBM HH TQbbB#H2 BMbiM+2b Q7
Bib T`BKBiBp2 /i ivT2bX  T`Q/m+i Q7 ivT2b Bb  /B`2+i T`Q/m+i Q7 irQ Q` KQ`2 ivT2bX Ai Bb +HH2/ ǳTB`Ǵ
UT ::= T1 × T2V B7 T`Q/m+i ivT2 +QMbBbi Q7 irQ +QKTQM2Mib- Qi?2`rBb2 Bi Bb +HH2/ ǳimTH2Ǵ U T ::= 〈T i∈1...ni 〉VX
MQi?2` bi`m+im`2 +Q``2bTQM/BM; iQ i?2 T`Q/m+i ivT2 Bb  ǳ`2+Q`/ǴX h?2 `2+Q`/ /Bz2`b 7`QK i?2 imTH2 #v
2+? }2H/ Bb T`QpB/2/ rBi?  H#2H b2H2+i2/ 7`QK  T`2/2}M2/ b2ijX
*QMbB/2` i?2 TB` BM /2iBHbX h?2 i2`K TB` Bb /2}M2/ b t ::= 〈t, t〉
t.1   t.2 `2 i?2 }`bi M/ b2+QM/ T`QD2+iBQM `2bT2+iBp2HvX hvT2 Q7 i?Bb i2`K Bb, T ::= T1 × T2X
hvTBM; `mH2bj,
Γ  t1 : T1 Γ  t2 : T2
Γ  〈t1, t2〉 : T1 × T2
Γ  p : T1 × T2
Γ  p.1 : T1
Γ  p : T1 × T2
Γ  p.2 : T2
MQi?2` ivT2 r2 b?QmH/ iQ `2T`2b2Mi Bb  List[T ]X 6Q` HH imT2b T - ivT2 List[T ] /2b+`B#2b  HBbi Q7 }MBi2
H2M;i? +QMbBbiBM; Q7 2H2K2Mib Q7 ivT2 hX M 2KTiv HBbi UHBbi rBi?Qmi 2H2K2ibV Bb r`Bii2M BM i?2 7Q`K nil[T ]X
h?2 HBbi ;2M2`i2/ #v i?2 //BiBQM Q7  M2r 2H2K2Mi Q7 ivT2 T t1 i i?2 #2;BM Q7 t2 r`Bii2M BM i?2 7Q`K
cons[T ] t1 t2X AMi`Q/m+2 i?2 +QM+2Ti Q7 ǳ?2/Ǵ M/ ǳiBHǴ Q7 HBbiX lM/2` ǳ?2/Ǵ Q7 HBbi mM/2`bQQ/ i?2 }`bi
2H2K2Mi Q7 i?Bb HBbi M/ Bi Bb r`Bii2M BM i?2 7Q`K head[T ] tX HH 2H2K2Mib Q7 HBbi rBi?Qmi ǳ?2/ǳ +HH2/ ǵiBHǴ
M/ r`Bii2M BM i?2 7Q`K tail[T ] tjX
1pHmiBQM `mH2b,
t1 → t∗1
cons[T ] t1 t2 → cons[T ] t∗1 t2
t2 → t∗2
cons[T ] t1 t2 → cons[T ] t1 t∗2
isnil[S ] (nil[T ]) → true isnil[S ] (cons[T ] v1 v2) → f alse
t1 → t∗1
t1 → t∗1 isnil[T ] t1 → isnil[T ] t∗1
head[S ] (cons[T ] v1 v2) → v1
t1 → t∗1
head[T ] t1 → head[T ] t∗1
tail[S ] (cons[T ] v1 v2) → v2
t1 → t∗1
tail[T ] t1 → tail[T ] t∗1
hvTBM; `mH2b,
Γ  nil[T1] : List T1 Γ  isnil[T11] t1 : Bool
Γ  t1 : T1 Γ  t2 : List T1
Γ  cons[T1] t1 t2 : List T1
Γ  t1 : List T11
Γ  t1 : List T11
Γ  head[T11] t1 : T11
Γ  t1 : List T11
Γ  tail[T11] t1 : List T11
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9X hvT2@h?2Q`2iB+ 6Q`KHBxiBQM Q7 i?2 Zm2`v ai`m+im`2
h?2 [m2`v Bb  HBbi Q7 TTHB+#H2 }Hi2`bX 6BHi2` Bb  HQ;B+H +QM/BiBQM BKTQb2/ QM i?2 /iX AM M 2H2K2Mi`v
+b2- }Hi2` Bb  bBM;H2 T`2/B+i2X  bBM;H2 T`2/B+i2 P(x) Bb HH i?2 7mM+iBQMb Q7 QM2 p`B#H2- i?i iF2b HH
pHm2b Q7 `;mK2Mi t 7`QK b2i J M/ i?2M 7mM+iBQM iF2b QM2 Q7 irQ pHm2b, i`m2 Q` 7Hb2X b  T`K2i2`-
i?2 7mM+iBQM iF2b M 2MiBiv 7`QK b2i J Ub2i Q7 HH 2MiBiB2bVX A7 i?2 pHm2 Q7 2MiBiv ii`B#mi2 `2bTQM/ iQ biQ`2/
+QM/BiBQM i?2M 7mM+iBQM iF2b true- Qi?2`rBb2 f alseX
h?2 +QM+2Ti Q7 T`2/B+i2 #bi`+ib i?2 +QM+2Ti Q7 i?2 T`QTQbBiBQMX h?2 T`QTQbBiBQM Bb  b2Mi2M+2 r?B+?
+M #2 i`m2 Q` 7Hb2X h?2 T`2/B+i2 /Bz2`b 7`QK i?2 T`QTQbBiBQM #v TQbbB#BHBiv iQ bm#biBimi2 i?2 `;mK2Mib
BM BiX aQ- r2 7Q`KHBx2/ }Hi2` b  T`2/B+i2 M/- BM im`M- 7Q`KHBxiBQM Q7  [m2`v Bb  HQ;B+H T`QTQbBiBQMX
h?2 T`QTQbBiBQM Bb  b2Mi2M+2 r?B+? +M #2 i`m2 Q` 7Hb2X Ai +M #2 bBKTH2 U2H2K2Mi`vV Q` +QKTH2t
U+QKTQbBi2VX h?2 [m2`v Bb  +QKTH2t T`QTQbBiBQM +QMbBbiBM; Q7 2H2K2Mi`v bii2K2Mib U}Hi2`bVX
h?2 b2+iBQM Q7 HQ;B+- r?B+? +QMbB/2`BM;  `2HiBQMb?BT #2ir22M +QKTH2t M/ bBKTH2 T`QTQbBiBQM +HH2/
T`QTQbBiBQMH +H+mHmbX
HT?#2i Q7 T`QTQbBiBQM +H+mHmb,
Ç X1 ... Xně T`QTQbBiBQMH p`B#H2bX S`QTQbBiBQMH p`B#H2 UHbQ +HH2/  b2Mi2MiBH p`B#H2 Q` b2Mi2MiBH
H2ii2`V Bb  p`B#H2 r?B+? +M #2 i`m2 Q` 7Hb2X S`QTQbBiBQMH p`B#H2b `2 i?2 #bB+ #mBH/BM;@#HQ+Fb Q7
T`QTQbBiBQMH 7Q`KmHb- mb2/ BM T`QTQbBiBQMH HQ;B+ M/ ?B;?2` HQ;B+bX
Ç GQ;B+H +QMbiMib, →, ¬, ∧, ∨, →
Ç h?2 +QM+2Ti Q7  T`QTQbBiBQMH 7Q`KmHX  T`QTQbBiBQMH 7Q`KmH Bb  ivT2 Q7 bvMi+iB+ 7Q`KmH r?B+?
Bb r2HH 7Q`K2/ M/ ?b  i`mi? pHm2X A7 i?2 pHm2b Q7 HH p`B#H2b BM  T`QTQbBiBQMH 7Q`KmH `2
;Bp2M- Bi /2i2`KBM2b  mMB[m2 i`mi? pHm2X  T`QTQbBiBQMH 7Q`KmH Kv HbQ #2 +HH2/  T`QTQbBiBQMH
2tT`2bbBQM-  b2Mi2M+2- Q`  b2Mi2MiBH 7Q`KmHX  T`QTQbBiBQMH 7Q`KmH Bb +QMbi`m+i2/ 7`QK bBKTH2
T`QTQbBiBQMb- mbBM; +QMM2+iBp2b ě HQ;B+H +QMbiMibX
_mH2b r?B+? ;2M2`i2 T`QTQbBiBQMH 7Q`KmH,
Ç X1 ... Xn ě Bb  T`QTQbBiBQMH 2tT`2bbBQM US`QTQbBiBQMH p`B#H2 Bb b2Mi2MiBH 7Q`KmHV
Ç A7 X1 M/ X2 ě T`QTQbBiBQMH 7Q`KmH- i?2M (X1 ∧ X2)- (X1 ∨ X2)- (X1 → X2) M/ ¬X1 `2 HbQ
7Q`KmHbX
Ç h?2`2 `2 MQ Qi?2` 7Q`KmHbX
h?mb- i?2 [m2`v Bb  +QKTH2t T`QTQbBiBQMH 7Q`KmH- r?B+? Bb i`m2 B7 HH }Hi2`b `2im`M i`m2X AM i?2 bBKTH2bi
+b2 i?2 [m2`v bi`m+im`2 +QMbBbi Q7 T`QTQbBiBQM p`B#H2b ě }Hi2`b `2Hi2/ rBi? i?2 HQ;B+H QT2`iBQM ě
+QMDmM+iBQMX AM ;2M2`H- i?2 [m2`v Kv ?p2 KQ`2 +QKTH2t bi`m+im`2X Ai Bb i?2 bBKTH2bi +b2 Q7 +QMbB/2`BM;
[m2`v bi`m+im`2 7Q` mbX
h?2 +QMM2+iBQM Q7 HQ;B+ iQ ivT2 i?2Q`v Bb `2T`2b2Mi2/ #v i?2 *m``v@>Qr`/ BbQKQ`T?BbKX AM i?2 +QMbi`m+@
iBp2 HQ;B+ T`QQ7 Q7 i?2 bii2K2Mi p Bb  /2KQMbi`iBM; +QM+`2i2 2pB/2M+2 BM 7pQ` Q7 pX *m``v M/ >Qr`/
MQi2/ i?i Bi Bb bBKBH` iQ +QKTmiiBQMX i i?2 H2p2H Q7 7Q`KmHb M/ ivT2b- i?2 +Q``2bTQM/2M+2 bvb i?i
BKTHB+iBQM #2?p2b i?2 bK2 b  7mM+iBQM ivT2- +QMDmM+iBQM b  T`Q/m+i ivT2 M/ 2i+X ++Q`/BM; iQ i?2
*m``v@>Qr`/Ƕb BbQKQ`T?BbK i?2 T`Q/m+i ivT2 Ki+?2b iQ i?2 HQ;B+H +QMDmM+iBQMjX
h?2 KQbi bmBi#H2 bi`m+im`2 7Q` i?2 [m2`v Bb  imTH2X h?2 imTH2 Bb M Q`/2`2/ b2i Q7 }t2/ H2M;i?X
AM T`+iB+2- Bi Bb MQi Hrvb +QMp2MB2Mi iQ mb2 bm+? bi`m+im`2 b  imTH2X h?2 ?2i2`Q;2M2Qmb HBbi Bb  bBKBH`
bi`m+im`2 rBi? i?2 imTH2- #mi HBbi Bb KQ`2 mb#H2X h?mb- ?2i2`Q;2M2Qmb HBbi Bb M TT`QT`Bi2 bi`m+im`2 7Q`
i?2 [m2`vX
h?2 HBbi ?b i?2 7QHHQrBM; bi`m+im`2,
List ::= ElemA :: ElemB :: . . . :: Nil
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r?2`2 ElemA, ElemB, . . . ě 2H2K2Mib- :: ě i?2 +QMbi`m+iQ` Q7 i?2 HBbi- Nil ě 2M 2KTiv HBbiX
hQ +`2i2 i?2 [m2`v bi`m+im`2 bBKBH` iQ i?2 List- Bi Bb M2+2bb`v iQ BMi`Q/m+2 i?2 +QM+2Ti Q7 ǳ2KTivǴ [m2`vX
ǳ1KTivǴ [m2`v Bb  [m2`v- r?B+? /Q MQi +QMiBMBM; Mv }Hi2`bX *HH2/ bm+? ivT2 Q7 i?2 [m2`v AllOb jectsX
U_2[m2bi rBi?Qmi Mv +QM/BiBQMb `2im`M HH /iVX
Ai Bb M2+2bb`v iQ +QMbB/2` MQi?2` TQBMiX h?2 }Hi2`b BM  [m2`v b?QmH/ #2 QTiBQMH #2+mb2 i?2 mb2` +M
+`2i2 bm+? `2[m2bi- i?i MQi HH bmTTQ`i2/ }Hi2`b rBHH #2 BMpQHp2/ BM BiX q2 rBHH `2~2+i i?Bb #v mbBM; i?2
Option[·] ivT2X
aQ- i?2 [m2`v ?b i?2 7QHHQrBM; bi`m+im`2,
Query ::= Option[FilterA] ∧ Option[FilterB] ∧ . . . ∧ AllOb jects
r?2`2 FilterA, FilterB, . . . ě TTHvBM; }Hi2`b- ∧ ě  +QMbi`m+iQ` Q7 i?2 [m2`v- M/ AllOb jects ě M 2KTiv
[m2`vX
8X h?2 7Q`KHBxiBQM Q7 Zm2`v 1tTMbBQM _mH2b
8XRX _mH2b
b H`2/v K2MiBQM2/- i?2 [m2`v +M #2 7Q`KHBx2/ b  HQ;B+H T`QTQbBiBQMX Ai Bb +QMbBbi Q7 bBM;H2 T`2/B+i2b
ě }Hi2`b- r?B+? #QmM/ rBi? HQ;B+H QT2`iBQM ě +QMDmM+iBQMX S`QTQbBiBQMH +H+mHmb Bb  b2+iBQM Q7 HQ;B+-
r?B+? +QMbB/2`BM;  `2HiBQMb?BT #2ir22M +QKTH2t M/ bBKTH2 T`QTQbBiBQMX h?2`27Q`2 bvbi2K Q7 ǳrB/2`Ǵ `mH2b
rBHH #2 #b2/ QM tBQKb M/ i?2Q`2Kb Q7 T`QTQbBiBQM +H+mHmbX
h?2`2 Bb  MmK#2` Q7 /Bz2`2Mi tBQKǶb bvbi2Kb BM T`QTQbBiBQMH +H+mHmbX PM2 Q7 i?2K Bb
(A1), F → (G → F )
(A2), ( F → (G → H )) → ( F → G ) → ( F → H )
(A3), F ∧ G → F
(A4), F ∧ G → G
(A5), ( F → G ) → (( F → H ) → ( F → (G ∧ H )))
(A6), F → F ∨ G
(A7), G → F ∨ G
(A8), (F → H) → ((G → H ) → (( F ∨ G → H ))
(A9), ( F → G ) → ( ¬G → ¬ F )
(A10), ¬ ¬ F → F
AM72`2M+2 `mH2b,
F → G F
G
UJSV
h?2 T`QQ7 UQ` BM72`2M+2V Q7 7Q`KmH 6 7`QK b2i Q7 7Q`KmHb Bb  }MBi2 b2[m2M+2 Q7 7Q`KmHb B1, B2, . . . , BS
bm+? i?i 2+? 7Q`KmH Q7 Bi Bb M tBQK Q`  7Q`KmH Q7 Γ- Q` +M BM im`M #2 BM72`2M+2/ 7`QK i?2 tBQKbX
A7 i?2`2 Bb  +QM+HmbBQM Q7  THm`HBiv Q7 6 7`QK b2i- Bi Bb bB/ i?i 7Q`KmH 6 Bb /2`Bp#H2 M/ Bi Bb r`Bii2M
Γ  FX h?2 2H2K2Mib 7`QK Γ `2 +HH2/ i?2 ?vTQi?2b2bX A7 i?2`2 Bb  BM72`2M+2 Q7 7Q`KmH 6 BM i?2 2KTiv b2i
Q7 ?vTQi?2b2b- i?2M Bi Bb bB/ i?i 6 Bb /2/m+B#H2 7`QK i?2 tBQKb UQ` i?i 6 Bb T`Qp#H2V- M/ i?2 b2[m2M+2
B1, B2, . . . , BS Bb +HH2/  T`QQ7 Q7 i?Bb 7Q`KmHX 6 Bb +HH2/  i?2Q`2KdX
G2iǶb +QMbB/2` i?`22 tBQKb, (A3)- (A4)- (A5)X h?2b2 tBQKb +M bQHp2 i?2 T`Q#H2K Q7 i?2 ǳ2ti2MbBQMǴ
[m2`vX
(A3), F ∧ G → F
(A4), F ∧ G → G
h?Bb tBQKb +M #2 `2;`/2/ b `mH2b iQ 2ti`+i i?2 M2+2bb`v 2H2K2Mib U }Hi2`bVX "v i?2 tBQK (A3) r2
+M ;2i  ǳ?2/Ǵ Q7 i?2 }Hi2`b HBbiX MHQ;B+HHv- mbBM; i?2 tBQK (A4) +M #2 Q#iBM2/ i?2 ǳiBHǴ Q7 i?2 }Hi2`b
HBbiX 7i2` HH Bi Bb M2+2bb`v iQ +QHH2+i i?2 }Hi2`b BM i?2 +Q``2+i Q`/2`X Ai +M #2 /QM2 #v mbBM; i?2 7QHHQrBM;
i?2Q`2K,
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(A5), ( F → G ) → (( F → H ) → ( F → (G ∧ H )))
6Q`KHBxiBQM Q7 i?2 `2+2Bp2/ bvbi2K Q7 `mH2bX
_mH2 ?2/,
Γ  head : H ∧ T → H U?2/V
bvb #Qmi i?i Bi Bb Hrvb TQbbB#H2 iQ `2+2Bp2 HBbiǵb ǳ?2/ǴX
_mH2 iBH,
Γ  tail : H ∧ T → T UiBHV
bvb #Qmi i?i Bi Bb Hrvb TQbbB#H2 iQ `2+2Bp2 HBbiǵb ǳiBHǴX
_mH2 +QMb,
Γ  f : A → H Γ  g : A → T
< f , g >: A → H ∧ T U+QMbV
bvb i?i B7 7`QK bQK2 i2`K A Bi Bb TQbbB#H2 iQ `2+2Bp2 i?2 HBbiǵ b ?2/ H M/ iBH T - Bi Bb TQbbB#H2 iQ `2+2Bp2
7`QK i?Bb i2`K i?2 M2+2bb`v HBbiX
1t+2Ti i?i- i?2 }Hi2`b +M #2 QTiBQMHX Ai Bb M2+2bb`v  M2r `mH2- iQ KF2 QTiBQMH }Hi2`bX
A → None UQTiV
i?Bb `mH2- bv- i?i Bi Bb Hrvb TQbbB#H2 iQ ;2i None pHm2X
>Qr2p2`- QMHv i?Bb `mH2b `2 MQi 2MQm;?X AM i?Bb `mH2b bvbi2K +QMp2`bBQM Q++m`b QMHv QM+2 #v QMHv `mH2X
h?2`2#v Bi Bb BKTQbbB#H2 iQ #mBH/  +QMp2`bBQM T`Q+2bb #v K2Mb Q7 i?Bb bvbi2KX *QMb2[m2MiHv Bi Bb M2+2bb`v
iQ 2ti2M/ i?Bb bvbi2KX
6B`biHv- +?M;2 i?2 `mH2 ǳiBHǴ #v i?2 rv i?i Bi rQmH/ #mBH/  T`QQ7 T`Q+2bbX _mH2 UrB/hBHV,
Γ  f : T → A
Γ  f ◦ tail : H ∧ T → A UrB/hBHV
i?Bb `mH2 Bb mM/2`biQQ/ b 7QHHQrb, B7 bQK2 2tT`2bbBQM  Bb /2`Bp#H2 7`QK i?2 ǳiBHǴ h - i?2M Bi Bb /2`Bp#H2
7`QK H ∧ T X
a2+QM/`v- r2 M22/ bQK2 `mH2 7Q` +QKTQbBiBQM Q7 7mM+iBQMbX h?Bb `mH2 HHQr iQ #mBH/  +QMp2`bBQM T`Q+2bb3
Γ  f : C → B Γ  g : A→ C
Γ  f ◦ g : A→ B U◦V
i?Bb `mH2 HHQrb iQ +H+mHi2 ivT2 Q7  bT2+B}2/ i2`K- #b2/ QM i?2 ivT2b Q7 Bib +QKTQM2MibX h?2`2 Bb 
T`Q#H2K i?i BMBiBHHv- r2 /Q MQi FMQr i?2 i2`K bi`m+im`2 M/ i?2 ivT2 p`B#H2 C Bb MQi T`2/2}M2/X h?2
bQHmiBQM Q7 i?Bb T`Q#H2K +QMbBbib BM i?i i?2 +QKTQM2Mib b2H2+i2/ /B`2+iHv 7`QK i?2 +QMi2ti- r?2`2 HH ivT2b
`2 FMQrMX M/ i?2 `mH2 iF2b i?2 7QHHQrBM; 7Q`K,
Γ  f : C → B g : A→ C ∈ Γ
Γ  f ◦ g : A→ B U◦LV
h?Bb bvbi2K Q7 i?2 `mH2b HHQr2/ QMHv iQ rB/2M  [m2`vX aQ- B7 i?2 /i rBHH #2 }Hi2`BM; QMHv #v rB/2`
`2[m2bi- mb2` rBHH ;2i mMM2+2bb`v /iX
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8XkX 1tKTH2b
1X;X +QMbB/2`  bvbi2K rBi? 2MiBiv EmployeeX 1MiBiv Employee ?b i?2 7QHHQrBM; b2i Q7 }2H/b, Name-
S urname- Age- Department- Position- Manager- EmployeementDayX h?2 bvbi2K T`QpB/2b b2`+? 7mM+iBQM
pullEmployeeX h?Bb 7mM+iBQM HHQrb iQ }Hi2` M/ `2+2Bp2 /i mbBM; i?2 7QHHQrBM; }Hi2`b S urname- Department-
PositionX
pullEmployee(Option[S urname],Option[Department],Option[Position])
?2`2#v pullEmployee ?b 7QHHQr ivT2,
Option[S urname] ∧ Option[Department] ∧ Option[Position] ∧ AllOb jects→ List[Employee]
S urname,Department, Position }Hi2`b +Q``2bTQM/BM; }2H/bX
bbmK2 i?i i?2 mb2` rMib }Hi2` i?2 /i BM i?2 7QHHQrBM; }2H/b S urname- Department- Position- ManagerX
M/ ?2 #mBH/ i?2 b2`+? 7mMiBQM Q7 i?2 ivT2,
Option[S urname] ∧ Option[Position] ∧ Option[Manager] ∧ Option[Department] ∧ AllOb jects→ List[Employee]
P#pBQmbHv i?i i?2 bvbi2K +M MQi T2`7Q`K i?2 mb2`@/2}M2/ b2`+? 7mM+iBQMX hQ +QMp2`i  mb2`@/2}M2/
7mM+iBQM iQ i?2 bi`m+im`2- r?B+? Bb bmTTQ`i2/ #v i?2 bvbi2K rBHH mb2 i?2 rB/2M `mH2bX
*QMbi`m+i i?2 i`22 T`QQ7 Q7 BM72`2M+2 mb2`@/2}M2/ 7mM+iBQMX 6Q` +H`Biv- r2 /`QT i?2 r`TT2` Option[T ]-
Dmbi ;QBM; iQ r`Bi2 i?2 }`bi H2ii2` Q7 i?2 }Hi2`X
pullEmployee : S ∧ D ∧ P ∧ AO→ List[E] ∈ Γ
UrB/>2/V
g1 : S → S ∈ Γ
Γ  f1 : S ∧ P ∧ M ∧ D ∧ AO→ S
UrB/hBHV
UrB/hBHV
?2/
Γ : g2 : D ∧ AO→ D
Γ  f7 : M ∧ D ∧ AO→ D
Γ  f5 : P ∧ M ∧ D ∧ AO→ D
U?2/V
Γ  g3 : P ∧ M ∧ D ∧ AO→ P
Γ  g4 : D ∧ AO→ AO
UiBHV
Γ  f10 : M ∧ D ∧ AO→ AO
UrB/hBHV
Γ  f9 : P ∧ M ∧ D ∧ AO→ AO
UrB/hBHV
Γ  f6 : P ∧ M ∧ D ∧ AO→ P ∧ AO
U+QMbV
Γ  f4 : P ∧ M ∧ D ∧ AO→ D ∧ P ∧ AO
U+QMbV
Γ  f3 : S ∧ P ∧ M ∧ D ∧ AO→ D ∧ P ∧ AO
UrB/hBHV
Γ  f2 : S ∧ P ∧ M ∧ D ∧ AO→ S ∧ D ∧ P ∧ AO
U+QMbV
Γ  userQuery : S ∧ P ∧ M ∧ D ∧ AO→ List[E] U+QKT_V
eX h?2 6BMH Zm2`v 1tTMbBQM _mH2b
h?2 T`2pBQmb bvbi2K Q7 `mH2b ?b b2p2`H r2FM2bb2bX 6B`biHv- i?Bb bvbi2K +M QMHv ǳrB/2MǴ  [m2`vX b
 `2bmHi- i?2 mb2` ;2i M 2t+2bbBp2 /iX a2+QM/`v- i?Bb bvbi2K ;2M2`i2 ǳ#/Ǵ bQHmiBQMbX 6Q` 2tKTH2- i?2
`mH2 opt +M TTHv BM Mv TH+2- M/ Bi Bb TQbbB#H2 iQ ;2i None BMbi2/ Q7 }Hi2`X P#pBQmbHv- i?i i?2 b2H2+iBQM
QM i?Bb }Hi2` rBHH MQi +``B2/X
hQ `2bQHp2 }`bi T`Q#H2K- Bi Bb M2+2bb`v iQ }Hi2`BM; /i 7i2` `2[m2bi iQ i?2 SAX "v K2Mb Q7 i?2 +m``2Mi
bvbi2K Q7 `mH2b i?Bb Bb BKTQbbB#H2X AM i?Bb bvbi2K- i?2 }Hi2`b- r?B+? mMbmTTQ`i2/ #v SA `2 /2H2iBM; M/
i?2 BM7Q`KiBQM biQ`2/ BM i?2K MQi K2KQ`Bx2 Mvr?2`2X h?2 KQ/B}+iBQM Q7 i?2 2tBbiBM; bvbi2K +M `2bQHp2
i?Bb T`Q#H2KX
*QMbB/2` i?2 +m``2Mi bvbi2K Q7 `mH2bX _mH2 Q7 +QKTQbBiBQM BMi2M/2/ 7Q` #mBHi Q7 i?2 T`QQ7 T`Q+2bbX h?mb-
i?Bb `mH2 BbMǶi M2+2bb`v iQ +?M;2 #2+mb2 Q7 Bi /Q2b MQi /B`2+iHv z2+i QM i?2 [m2`v i`Mb7Q`KiBQMX h?2
`mH2 ǳ?2/Ǵ +M #2 `2;`/2/ b  `mH2 #v r?B+? i?2 M2+2bb`v }Hi2`b +M #2 B/2MiB}2/- Bi +M #2 bbmK2/
i?i Bi /Q2b MQi `2KQp2 i?2 mMbmTTQ`i2/ }Hi2`bX h?2 `mH2 ǳ+QMbǴ +QHH2+ib i?2 }Hi2`b BM i?2 +Q``2+i Q`/2`X Ai
BbMǶi /2H2i2 }Hi2`b- i?mb- Bi BbMǶi M2+2bb`v iQ KQ/B7v i?Bb `mH2X 6BMHHv- i?2 `mH2 ǳrB/hBHǴ 2t+iHv `2bTQMbB#H2
7Q` i?2 /2H2iBM; Q7 i?2 }Hi2`bX hQ KQ/B7v i?Bb `mH2- BMi`Q/m+2 irQ 7mM+iBQMb, predicate M/ f ilter,
Ç predicate Bb  7mM+iBQM r?B+? rBHH +QMiBM i?2 ǳ`2KQp2/Ǵ }Hi2` UT`2/B+i2VX
Ç f ilter Bb  7mM+iBQM r?B+? iF2b b T`K2i2`b i?2 /i r?B+? rBHH }Hi2`BM; M/ i?2 }Hi2`BM; +QM/BiBQMX
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*QMbB/2` i?2 `mH2 widTailX
_mH2 UrB/hBHV,
Γ  f : T → A
Γ  f ◦ tail : H ∧ T → A UrB/hBHV
LQr- i?Bb `mH2 /2H2i2 mMbmTTQ`i2/ }Hi2`b MQi `2K2K#2`BM; i?2KX h?Bb `mH2 b+?2KiB+HHv rQ`Fb b 7QHHQrb,
h :: t → f (t)→ List[A]-
BX2X iF2 i?2 iBH Q7 i?2 HBbi M/ TTHv Bi iQ i?2 7mM+iBQM 7- bQ Bi Bb Q#iBM2/ i?2 }Hi2`BM; M/ 2t+2bbBp2 /iX
LQr +QMbB/2` MQi?2` b+?2K2 `mH2 ǳrB/hBHǴ HHQr mb iQ }Hi2`BM; #v ǳ /2H2iBM;Ǵ }Hi2`bX
6Q`KHBx2 i?Bb b+?2K BMiQ `mH2,
Γ  f : T → A
Γ  f ilter ◦ ( f × predicate)◦ < tail, head >: H ∧ T → A
h?2 bK2 rv `mH2 tail b?QmH/ #2 i`Mb7Q`K2/X
AM i?Bb TT`Q+?- HH bmTTQ`i2/ #v SA }Hi2`b rBHH #2 TTHB2/ irB+2X 6B`biHv- #v K2Mb Q7 SA- M/
b2+QM/`v- i?2M rBHH #2 TTHB2/ ǳ`2KQp2/Ǵ }Hi2`bX
hQ `2bQHp2 b2+QM/ T`Q#H2K Uǳ#/Ǵ bQHmiBQMbV r2 T`QTQb2 iQ BMi`Q/m+2  `MFBM; Q7 bQHmiBQMb- M/ +?QQb2
M/ Hrvb +?QQb2 i?2 bQHmiBQMb i?i +QMiBM i?2 KtBKmK MmK#2` Q7 bmTTQ`i2/ U#v SAV }Hi2`bX
dX *QM+HmbBQM
h?2 `iB+H2 T`2b2Mi2/ i?2 mMBp2`bH K2Mb Q7 ++QKTHBb?K2Mi b2`+? [m2`B2b iQ ?2i2`Q;2M2Qmb bvbi2KbX
h?2 [m2`v Bb KQ/2HH2/ b  T`iB+mH` HQ;B+H bii2K2Mi r?B+? +QMbBbib Q7 BKTQb2/ +QM/BiBQMbX h?2 HBMF
#2ir22M  HQ;B+ bvbi2K M/ i?2 ivT2 i?2Q`v Bb i?2 *m``v@>Qr`/ BbQKQ`T?BbKX q2 T`2b2Mi2/ i?2 TT`Q+?
iQ +``v Qmi i?2 `2[mB`2/ [m2`v i`Mb7Q`KiBQMb #b2/ QM T`QTQbBiBQMH HQ;B+X Zm2`v `2r`BiBM; `mH2b r?2`2
Q#iBM2/ 7`QK i?2 tBQKb Q7 i?2 T`QTQbBiBQMH +H+mHmbX
3X +FMQrH2/;2K2Mi
h?2 `2b2`+? rb bmTTQ`i2/ #v  _mbbBM 6QmM/iBQM 7Q` "bB+ _2b2`+? ;`Mi US`QD2+i Ƥ Re@jR@8yyRRV
M/ i?2 *QKT2iBiBp2M2bb S`Q;`K Q7 L_Ll ǳJ1S?AǴX
_272`2M+2b
RX GBMi?B+mK .pB/ aX 1Mi2`T`Bb2 TTHB+iBQM BMi2;`iBQMXě//BbQM@q2bH2v S`Q72bbBQMH- kyyyX
kX GBMi?B+mK .pB/ aX L2ti ;2M2`iBQM TTHB+iBQM BMi2;`iBQM, 7`QK bBKTH2 BM7Q`KiBQM iQ q2# b2`pB+2bXě//BbQM@q2bH2v
GQM;KM Sm#HBb?BM; *QX- AM+X- kyyjX
jX SB2`+2 "X *X hvT2b M/ T`Q;`KKBM; HM;m;2bXěh?2 JAh S`2bb- kyykX
9X SX a?TFBM- :X SQK/+?BMX  hvT2@h?2Q`2iB+ TT`Q+? iQ *HQm/ .i AMi2;`iBQM ff S`Q+22/BM;b Q7 i?2 RRi? AMi2`MiBQMH
*QM72`2M+2 QM q2# AM7Q`KiBQM avbi2Kb M/ h2+?MQHQ;B2b q1"AahXě ALahA** S`2bb- kyR8XěJvXěSX Re9ĜReNX
8X >``BbQM CQ?MX AMi`Q/m+iBQM iQ 7mM+iBQMH T`Q;`KKBM; ff G2+im`2 LQi2b- *KXě RNNdX
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eX qQH72M;;2M oX 1X- AbKBHQp GX uX *QK#BMiQ`v HQ;B+ BM T`Q;`KKBM;Xě*Bi2b22`- kyyjX
dX J2M/2HbQM 1HHBQiiX AMi`Q/m+iBQM iQ Ki?2KiB+H HQ;B+Xě*_* T`2bb- kyyNX
3X hQr`/b i?2 miQKi2/ "mbBM2bb S`Q+2bb "mBH/BM; #v J2Mb Q7 hvT2 h?2Q`v f Sp2H a?TFBM- H2tM/2` J`2MFQp-
G2QMB/ a?mKbFv 2i HX ff S`Q+22/BM;b Q7 i?2 di? AMi2`MiBQMH *QM72`2M+2 QM am#D2+i@P`B2Mi2/ "mbBM2bb S`Q+2bb JM;2@
K2MiX ě a@"SJ PL1 ǶR8X ěL2r uQ`F- Lu- la , *J- kyR8X ěT`X ě SX d,RĜd,3X ěl_G, ?iiT,ff/QBX+KXQ`;fRyX
RR98fkdkj3jNXkdkj39d UQMHBM2c ++2bb2/, kyR8@ye@ykVX
